Introduction cz'5-Diamminodichloroplatinum(II), m -D D P , is widely used for treatm ent of several hum an carci nomas [1] . Its toxicity and lack of selectivity [2] has stimulated an intensive search for new analogs or means of targeting the drug into cancerous cells [3] . Primary amine groups coordinated to Pt(II) are im portant for the activity [1] , Efforts are di rected to modifications of the amine part o f the complex and to changes in the leaving groups. In this connection our group has been engaged in Pt(II)-amino acid complexes [4, 5] and aminofunctionalized horm one Pt-complexes [6] . Some of them have been submitted to biological tests [7] , In the field of penicillins and cephalosporins, the /Mactam moiety of the molecule is responsible for the inhibition of the enzyme involved in microbial membrane synthesis. However, by changing the acyl group in the side chain, it is possible to in crease or to broaden the spectrum of activity [8] . The question arises whether the incorporation of an acylamino group into the chelating part o f 1,2-diaminoethane skeleton can also cause such ef fects. Therefore, the synthesis o f platinum (II) and palladium(II) complexes of N4-acyl-l,2,4-butanetriamines as ligands was undertaken. Brunner and coworkers have suggested that bulky substituents o f diamine ligands should reduce intermolecular metal-metal and metal-ligand interaction and should favour the solubility of the complex [9] , 1,2,4-Butanetriamine has been prepared by W indaus [10] from histamine by acylation of the imidazole (Bamberger ring cleavage) moiety [11] , using 2-methylpropanoyl chloride as acylating agent. The ene-triamide intermediate was reduced with palladium and hydrolyzed. When 1,2,4-butanetriamine reacted with K 2PtCl4, under different pH conditions, mixtures of unseparable polymeric complexes together with five-and six-membered chelates were obtained. To achieve controlled reactivity of the 1,2,4-butanetriamine with K 2PtCl4 or K 2PdCl4, compounds with selectively protected amines were needed. N 4-Arylsulphonyl and N 4-(2-methylpropanoyl)-1,2,4-butanetriamines have already been reported in connection with the synthesis of EDTA analogs [12, 13] . They were prepared by ring-opening of the corresponding N w-acylhistamines with di-tertbutyl dicarbonate to yield the ene-dicarbam ate in termediates, which after removal of the formyl group were hydrogenated using palladium as cata lyst. The yields upon reduction never exceeded 28% owing to palladium induced decomposition.
Unlike ene-dicarbamates, ene-diamides undergo similar reduction in good yields [14] . We now re port the synthesis of the new N 4-acyl-l,2,4-butanetriamines (acyl = acetyl, trifluoroacetyl, benzoyl, carboxycyclohexyl, caproyl, carboxycyclobutyl) by a modified method. Ring opening of N-acylated histamines was performed as reported with di-/m -b u tyl dicarbonate, but the reduction was carried out using Raney nickel instead of pal ladium as catalyst which affords 6 0 -9 0 % yields.
Experimental Section

M aterials and methods
Solvents o f analytical grade were purchased from Fluka, Raney nickel in water suspension from Aldrich. Flash chrom atography was carried out on silica gel (Merck, 70-230 mesh), TLC was perform ed on M erck Kieselgel 60 F 254 plates and ethanolic 0.2% ninhydrin was used for visualiza tion. Melting points were determined on a Büchi melting point apparatus and are uncorrected. Re ductions were performed in Bandelin Sonificator type RK 510 H F-Freq. 35 kHz. 'H N M R and 13C N M R spectra were recorded on a Jeol EX-400 in strum ent at 400 M Hz and 100.5 MHz, respective ly. 195Pt N M R spectra were recorded on a Jeol GSX-270 spectrometer at 57.8 MHz. 195Pt chemi cal shifts are quoted vs. PtCl62~ as external stand ard. IR spectra were measured on a Nicolet 520 FT -IR spectrometer. C,H ,N analyses were per formed by the M icroanalytical Laboratory of our Institute.
Syntheses o f ligands and complexes
The synthetic routes for the ligands are outlined in Scheme 1 and 2. N-Acylhistamines la -d , f, g were prepared according to published methods [13, 15, 16] . Com pound Id [17] and lg were pre pared as lc [13] ; If was prepared as la and lb.
If: 57%; m.p. 128-130°C; 'H N M R (CDC13) Ö 0.69 (3 H, t, / = 6.8 Hz), 1.09 (4 H, m), 1.40 (2 H, quintet, J = 7.5 Hz), 2.00 (2 H, t, J = 7.8 Hz), 2.67 (2 H, t, J = 7.1 Hz), 3.28 (2 H, t, J = 7.1 Hz), 6 As we failed to repeat the published procedure for lh [18] , the following two-step synthesis was applied.
Benzyloxycarbonylhistamine (1 h)
Dried histam ine (2.9 g, 26 mmol) and Et3N (6.06 g, 60 mmol) were dissolved in dry D M F (150 ml) and cooled in an ice bath. Carbobenzoxy chloride (11.2 g, 66 mmol) dissolved in D M F (20 ml) was added during 20 min. The reaction was left for 12 h at room tem perature. D M F was evaporated in vaccum, the residue dissolved in a mixture of EtOAc (150 ml) and water (100 ml). The organic layer was dried (N a2S 0 4), concentrat ed and introduced on a silica gel column (40 g, hexane). After removal of impurities with 30% EtO Ac/hexane, N lm ,N-dibenzyloxycarbonylhistamine was eluted with 40% EtOAc/hexane (62%; m.p. 6 4 -6 6 °C; >H N M R (CDC13) Ö 2.74 (2 H, t, J = 6.3 Hz), 3 General method: N-Acylhistamine (la~d , f-h ) (0.02 mol) dissolved in acetonitrile (100 ml) (when 1 is used as hydrochloride or trifluoroacetate, an equivalent am ount of N a H C 0 3 in 20 ml water is added) was mixed with aqueous 15% KOAc (80 ml) and di-/er/-butyl dicarbonate (0.08 mol). The mixture was stirred for 5 days at room tem per ature. The organic layer was separated, concen trated, redissolved in EtOAc (50 ml), washed once with 5% N a H C 0 3, once with water, dried (N a2S 0 4) and stirred for 20 min with silica gel (10 g). The solvent was evaporated and the con tents added to the top of the silica gel column (40 g) prepared in hexane. Elution with 10% EtOAc/hexane removed the excess of di-terr-butyldicarbonate. 2 a and 3a, 2c and 3c, 2d and 3d, 2 f and 3f, 2g and 3g were eluted with 40% EtOAc/ hexane. General method: 5 (1 g) was dissolved in ethanol (5 ml), dry 20% HC1 in ethanol (5 ml) was added and the reaction left for 5 h at room temperature. 6 a and 6c precipitated. Dry ether (50 ml) was add ed to complete precipitation. The solution was re moved by decantation, the salts washed 3 times with ether. 'H N M R and ,3C N M R data are given in Tables III and IV (9) 5b (120 mg, 0.3 mmol) was dissolved in ethanol (10 ml) to which 1 M N aO H (0.9 ml) was added. After 3 h the starting com pound was no longer de tected by TLC. The solvent was removed in vacu um, the residue dissolved in EtOAc (15 ml), washed three times with water, dried and concen trated, yielding 9 (72%) which crystallized upon standing, m.p. 64 °C. 
Results and Discussion
Histamines acylated in the side chain, l a -d , f, g, undergo Bamberger ring cleavage acylation with di-/err-butyl dicarbonate yielding a mixture of N-formyl open chain products 2, 3 in 60% yield (see Scheme 1) . The formyl group is removed by methanolysis to give 4. Com pounds 2 -4 tend to decompose at room tem perature during several days, but at 0 °C they can be stored for several months. There is no need to perform deformylation prior to hydrogenation as has been done be fore [12, 13] . Using Raney nickel as catalyst, the double bond and the formyl group are removed in a single step. 5a, 5c, 5 f and 5g are obtained in 90% yields when reduction by hydrogen is per formed with 1 to 10 mmol samples at 40 °C under pressure slightly above atm ospheric pressure during 20 h.
Alternatively 2 a, 3 a and 2 c, 3 c are reduced by applying ultrasound. 5b was obtained in good yields when hydrogenation was performed in 2 mmol scales. F or larger quantities o f 5 the cata lyst has to be renewed in due time. Deactivation of the catalyst's surface probably takes place owing to N i -F interactions. Sonification contributes to deactivation as well and is not effective in the case of 5b. The reduction o f 2d, 3d is accompanied, un expectedly, by hydrogenation o f the arom atic ring, and a mixture of 5d and the cyclohexyl com pound 5e is obtained which is separated by flash chrom a tography. Boc-protecting groups are removed by dry HC1 in ethanol. The resulting vicinal diamine 6 reacts with K 2PtCl4 in aqueous solution at 70 °C and in the pH range 4 -5 , to give the five-membered che late 7 (above pH 7 decomposition occurs). The palladium complex 8 is obtained by reaction of dihydrochloride 6 with K 2PdCl4 at room tem pera ture, or by K urnakov's three-step m ethod [20] Leising [21] , leads to the ligand 9 leaving the vici nal amine groups still protected (see Scheme 2) . This method has an advantage over Bamberger ring cleavage of benzyloxycarbonylhistamine (lh ) in which reductions of 2h, 3h afford 9 in a single step, the purification of which from the traces of A l(OH )3 stemming from Raney nickel, however, is tedious. 9 reacts with ds-M C l2(PhCN)2 [22] or cz's-MCl2(DM SO)2 [23] (M = Pt, Pd) as a monodentate ligand forming 10 and 11. The purest product is obtained, however, according to the procedure o f Beck et al. [24] in using a solution of m -M C l2(D M F )2 which is obtained from MC12 in hot DM F.
The IR spectra of all five-membered chelates 7 and 8 and o f the noncyclic complexes 10 and 11 show NH absorptions in the 3090-3280 cm -1 re gion and <SNH bands of amide and of the bound M -N H , groups between 1556-1586 cm "1 (see T a ble IX). Characteristic are the carbonyl absorp tions, which for 7 b and 8 b are observed at higher wave numbers. 7 b, 8 b show three strong C F 3 bands at 1213, 1186 and 1163 cm "1 [25] . All com plexes exhibit M -C l bands in 302-340 cm "1 re gion (see Table IX ).
N M R Spectra
In the 'H N M R spectrum of 4 a (in d6-DMSO) three signals for the three different NH protons are observed. Two of them show a well resolved H,H coupling and allow an assignment. The doublet at 8.33 (V HNCH = 9.7 Hz) is attributed to the 1-NH proton, the broad singlet at 7.8 and the triplet at 7.71 (V HNCH = 5.6 Hz) to the 2-NH and 4-NH protons, respectively.
Reduction of the double bond in 4 creates a chiral center at C-2. As a consequence the m ethy lene protons at C -l, C-3 and C-4 become diastereotopic. The ]H N M R spectra of the 1,2,4-butanetriam ines 5 show distinct signals for the six non-equivalent methylene protons (Table I) . The assignment o f the proton chemical shifts was pos sible on the basis of a 'H -13C correlated spectrum, performed for 5b (Fig. 1) . It clearly shows the non equivalence of the geminal protons at C-4 to be much more pronounced than that of the methy lene protons at the carbons next to the chiral cen ter. This effect, as well as the observed slight broadening of the 'H N M R signals [26] , appear, much less pronounced than in 5 (Table III) . In the case o f 6b (Figs 2, 3 ) it is in fact observed only for the protons at C -l and C-3. The platinum com plexes 7 undergo in d 6-DM SO fast solvolysis [27] giving two isomeric species o f the type [Pt(diamine)Cl(d6-DMSO)]Cl. The N M R spectra of 7 were run in d7-DM F. Solvolysis was not ob served in the 'H N M R spectra of the palladium complexes 8 in d6-DMSO.
In the complexes 7 and 8 the N 4-acyl-l,2,4-butanetriamine ligand is fixed in the five-membered chelate ring. Due to the presence of the chiral cen- ter at C-2 the geminal protons at the coordinating nitrogen atom s become diastereotopic, as are the methylene protons at C-1, C-3 and C-4 ( Table V) . The observed N M R signals for the NH protons of 7 b are shown in Fig. 4 . The assignment of the pro ton chemical shifts was made on the basis of a 'H -'H-COSY N M R spectrum (Fig. 5) . As can be seen from Table V chiral center than for the 1-NH2 protons and is larger in the platinum complexes 7 than in the pal ladium complexes 8. F or the 2-N H 2 protons a geminal coupling of 9.5-10.1 Hz was estimated (Table V) . A similar diastereotopy for the N H 2 protons in ethane diamine platinum complexes has been observed in other cases as well [9] .
The assignment of the 13C chemical shifts in 7 and 8 is based on ' H -,3C correlated spectra for 7b (Fig. 6 ) and 8b . They are given in Table VI. In the complexes the signals o f C-1 and C-2 are shifted to lower Field com pared to those of the free ligands [9, 28] ,
The 195Pt chemical shifts of -2298 for 7 f and -2300 for 7g are found in the region characteristic for diamine PtCl2 complexes [29, 30] ,
The 'H and l3C N M R data for N ',N 2-di-Boc-1,2,4-butanetriamine 9 and its complexes 10 and 11 are given in Table VIII . Only the methylene protons at the carbons next to the chiral center C-2 show the diastereotopy. The coordination of the 4-N H 2 group is accompanied by a shift of (513C for the attached carbon to lower Field. 
Antitumor tests
The complexes 7 a-c have been tested in vi tro for their cytoxicity on tum or cells by ASTA Pharm a, Frankfurt, with L-1210 murine leucemia cells. They showed cytoxic activity [EC 90: 2,8 //g/ml (7a); 0,31 //g/ml (7b); 0,3 /^g/ml (7c)]. In in vivo tests showed 7a (10 mg/kg) towards P388 leu kemia (i.p.) of the mouse 22% Increase of Life Span.
